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Abstract 
This article examines Volosovo period chronology at the hunter-gatherer settlement and 
burial sites Sakhtysh II and IIa (Upper-Volga area, Russia) by presenting 15 new AMS and 
stable bulk isotope (EA-IRMS; 13C, 15N, %C, %N, C:N ratio) measurements of animal bones 
and teeth from ritual contexts, as well as the first published AMS-dated charred organic 
residues on Volosovo pottery. The results confirm some recently presented views about 
chronology and further contradict the use sequence previously proposed for the sites. The 
discrepancies may be partially related to freshwater reservoir effect (FRE), but mostly to the 
problems in the quality and context of the conventional datings. The results are also briefly 
discussed in the background of general Volosovo chronology. 
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1 Introduction  
The Sakhtysh peat bog in the Upper-Volga area (Russia) is one of the key micro-regions in 
the hunter-gatherer archaeology of the north-European boreal zone. In addition to 
numerous stratified settlement sites, some of the largest hunter-gatherer cemeteries of 
European Russia are situated in the area. Extensive studies have revealed ca. 150 burials 
dating to the Lyalovo (Pit-Comb) and Volosovo phases of the 5th and 4rd millennia cal BC – 
these comprise half of all the prehistoric burials known in the Volga-Oka interfluve 
(Kostyleva and Utkin, 2010). Rich finds from domestic and ritual contexts include, among 
others, unique discoveries like burials furnished with hundreds of amber or bone 
adornments, and a life-size mask made of elk antler (Kraynov et al. 1994). 
 
The Sakhtysh complex has been pivotal in the creation of periodization and absolute 
chronology of the Volosovo culture (Kraynov et al. 1991; Kostyleva and Utkin, 2010). A 
comprehensive dating program was pursued at the site Sakhtysh IIa, and human bone 
samples from 29 Volosovo graves were sent for conventional dating in the 1980s and 1990s. 
However, 15 samples could not be dated due to insufficient collagen, and seven datings 
were later discarded due to their perceived incompatibility with the archaeological 
chronology (Kostyleva and Utkin, 2010). The first published AMS dates and stable isotope 
measurements of individuals from the Sakhtysh IIa site (Piezonka et al. 2013), nevertheless, 
raised questions concerning the internal chronology of the site and the compatibility of 
absolute chronology and some typological sequences. This study, together with AMS datings 
of charred organic residues on the 6th millennium cal BC Upper Volga pottery (Hartz et al. 
2012; Piezonka et al. 2016; also Dolbunova et al. 2017), indicated also a hunter-gatherer diet 
based on aquatic resources and potential freshwater reservoir effect (FRE) in the area. 
 
The current paper examines further the Volosovo chronology at the sites Sakhtysh II and IIa 
by presenting 15 new AMS and stable bulk isotope measurements. It aims to shed light on 
the recently-raised questions and contradictions between different chronologies and 
interpretations: in old publications, the radiocarbon years are often non-calibrated, treated 
similarly to calendar years and without paying attention to the uncertainties, or “BC” years 
may be formed just by subtracting 1950 years from the measured BP value. The results are 
also briefly discussed in the context of general chronology of the Volosovo culture, which 
has been placed varyingly between the later 4th and the 2nd millennia BC (Kraynov, 1987; 
Nikitin, 2012). 
 
The new measurements were obtained within a PhD-project focusing on the human-animal 
relationships in the Stone Age hunter-gatherer burials of northern Europe (see Mac ne, 
2018). Consequently, the dated materials consist of animal tooth pendants and bones from 
graves and hoards. In addition, five carbonized organic residues – also known as foodcrusts 
– adhering to pottery were analysed, being the first AMS-dated Volosovo foodcrusts. The BP 
values of two datings have been previously given out without any supplementary 
information (Kostyleva and Mac ne, 2018a, 2018b), but all dates are published here for the 
first time with the full isotopic, contextual and other information. 
 
2 The Sakhtysh complex 
 
The Sakhtysh micro-region is located in the Volga-Oka interfluve, along the headwaters of 
the Koyka River in the Ivanovo Region, central European Russia (Fig. 1). The area has 
evidence of human habitation from the Early Mesolithic to the Iron Age, and includes 
altogether 11 long-term and seasonal settlements (Sakhtysh I–II, IIa, III–IV, VII–XI, XIV) and 
four artefact scatters (sites V–VI, XII–XIII), in addition to which burials have been detected at 
five sites (I–II, IIa, VII, VIII) (Kostyleva and Utkin, 2010). The locations have been known since 
the 1930s and intensively studied since the 1960s under the leadership of D.A. Kraynov, 
M.G. Zhilin, E.L. Kostyleva, and A.V. Utkin. 
 
Sakhtysh II and IIa are the most extensively studied sites of the complex, with ca. 1500 m2 
and around 800 m2 excavated, respectively. The burial grounds at both sites are considered 
as fully investigated. 
 
The site Sakhtysh II, excavated between 1963 and 2001, contained four Lyalovo and 19 
Volosovo burials, including three collective graves (Fig. 2). Furthermore, three dog burials, 
14 hoards, and what the excavators have interpreted as “sanctuary” and two “ritual 
platforms” have been connected with the ritual use of the site (Kraynov, 1982; Kostyleva 
and Utkin, 2010). 
  
The site Sakhtysh IIa is located just on the opposite side of a small creek from Sakhtysh II, 
and was excavated in 1987–2015. The multilayer settlement site is accompanied by a 
cemetery of 15 Lyalovo and 57 Volosovo burials, as well as by two “sanctuaries” or “ritual 
pits” and two hoards (Kraynov et al. 1994; Kostyleva and Utkin, 2010; Piezonka et al. 2013) 
(Fig. 3). 
 
3 Methods and results 
 
3.1 Methods 
Eighteen samples, including 13 samples of bone and tooth and five samples of charred 
organic residues were analysed in the 14Chrono Centre, Queen’s University, Belfast. All 
radiocarbon ages were measured in the AMS (accelerator mass spectrometry). Collagen was 
extracted through a modified Longin method (Longin, 1971) developed by Brown et al. 
(1988). Pre-treatment of bone samples and charred organic residues was done following the 
protocols described by Reimer et al. (2015). The bulk stable isotopes ( 13C, 15N, %C, %N, 
C:N ratio) were analysed in duplicate on a Thermo Delta V elemental analyser-isotope ratio 
mass spectrometer (EA-IRMS). All 14C ages were calibrated using OxCal v4.3.2 (Bronk 
Ramsey, 2009) with the IntCal13 atmospheric curve (Reimer et al. 2013), and are given in 
the text with 95.4% probability. 
 
3.2 Bone and tooth 
In total, 13 animal tooth and bone samples were sent for dating, but two mammal bone 
samples from hoard 10 at Sakhtysh II (UBA-34094 and 34095) and an elk (Alces alces) tooth 
pendant from burial 66 at Sakhtysh IIa (UBA-34991) did not provide results due to the poor 
preservation of collagen. The selection of samples was determined by the availability of 
animal remains, as well as the requests of the excavators. For example, the aim of the 
unsuccessful date UBA-34991 was to verify the old age obtained for another elk tooth 
pendant from the same burial (AAR-21042; see Piezonka et al. 2016). All dated samples 
were generally of good quality with proper collagen yield (1.0–10.3%) and acceptable C:N 
ratios (3.1–3.56), although three of the five bear teeth presented values slightly over the 
recommended limit of 3.5 (van Klinken, 1999; cf. DeNiro, 1985) (Tables 1–2). 
 
Six datings were obtained from Sakhtysh II. Two bone beads were dated from a collective 
burial 12 of four individuals, equipped with some amber ornaments and hundreds of bone 
beads. These gave practically identical results, 4050–3811 cal BC (UBA-34097) and 4046–
3811 cal BC (UBA-40193) (Fig. 4). However, the identification of the bones is only tentative. 
The dated thoracic vertebra of a badger (Meles meles) from hoard 11, associated with the 
“sanctuary” and containing flint, stone, bone, and antler fragments and artefacts, and ochre 
gave a result 3335–2931 cal BC (UBA-34096). 
 
Two datings were obtained from burial 18, a young female buried with stone, bone and 
tooth adornments. An elk incisor pendant was dated to 3711–3536 cal BC (UBA-40191) and 
a pendant of brown bear (Ursus arctos) maxillar incisor to 3636–3378 cal BC (UBA-40192). 
The last dating from Sakhtysh II originates in hoard 9, interpreted to be a solitary deposition 
close to the “ritual platform 1” (Kostyleva and Utkin, 2010). This charcoal-rich feature 
included some sherds of Volosovo pottery, several flint and stone artefacts, as well as 
animal tooth pendants. One pendant of brown bear mandibular canine was dated to 3635–
3376 cal BC (UBA-34992). 
  
Three of the four new AMS datings from Sakhtysh IIa derive from bear tooth pendants. A 
third maxillar incisor in burial 7 , a male with numerous animal tooth pendants, gave an age 
3635–3373 cal BC (UBA-34099). A pendant of another third upper incisor from burial 19, a 
female with a few tooth pendants, was dated to 3766–3539 cal BC (UBA-34990). The third 
pendant, made of second lower incisor and found in burial 63 of an adolescent richly 
equipped with tooth, bone and stone pendants, was dated to 3649–3377 cal BC (UBA-
34989). Finally, the fourth date comes from burial 24, a young female interred with at least 
40 incisors of marmot (Marmota bobak) and other items of foreign origin, like serpentine 
pendants and rock crystal (Kostyleva et al. 2018). One lower marmot incisor was dated to 
3642–3382 cal BC (UBA-34098) (Fig. 5). 
 
The stable isotope values obtained for the dated specimens do not present big surprises 
(Fig. 6). The marmot (UBA-34098) from Sakhtysh IIa and the elk (UBA-40191) from Sakhtysh 
II have isotope values characteristic for terrestrial herbivores (Eriksson, 2006; Wood et al. 
2013; Eriksson et al. 2018; Robson et al. 2019). The isotopic values obtained for the brown 
bear samples (UBA-34099, 34989, 34990, 34992, 40192) correspond to those of terrestrial 
omnivores and bears measured elsewhere (Eriksson, 2006; Eriksson et al. 2018; Robson et 
al. 2019). The elevated stable isotope values indicate trophic level increase due to 
consumption of terrestrial meat in addition to plant foods. Also the stable isotope values of 
the badger vertebra (UBA-34096) from Sakhtysh II correspond to those obtained for such 
animals in another places (Eriksson, 2006; Olsen et al. 2010).  
 
The only remaining question pertains to the samples of bone beads (UBA-34097, 40193) 
whose isotopic values partially overlap with those of freshwater fish. The dated bones have 
not been possible to identify to taxon but they were found amidst over 450 small tubular 
beads, allegedly of bird bones, although their large amount and other properties suggest 
that a rather large fish could have been used as the raw material. To resolve this question, 
two beads were analysed with ZooMS in the University of York (England). Unfortunately, 
non-destructive extraction did not produce any results, and the dated beads also show the 
lowest collagen yields in the present material (1.0 and 1.9). 
 
3.3 Pottery 
Organic surface residues on four pottery sherds were dated. Two of these originate in 
Sakhtysh II and two in Sakhtysh IIa, all recovered in cultural layer without clear association 
to any particular feature. The vessels from Sakhtysh II represent, according to the definition 
by E.L. Kostyleva, Early Volosovo, and the sherds from Sakhtysh IIa – Late Volosovo (Fig. 7).  
 
The dated sherds of Sakhtysh II originate from vessels that were found broken in situ. They 
are tempered with abundant crushed shell, have striated inner surfaces, and are decorated 
with wide rectangular two-rowed toothed stamps forming loose vertical zig-zags or nearly 
horizontal lines. A sample from the inner surface of a body sherd found in 1979 gave the 
result 4041–3952 cal BC (UBA-36690). The samples from the inner (UBA-36692) and outer 
(UBA-36691) surfaces of a sherd with a straight rim, discovered in 1987, gave results 4461–
4340 cal BC and 3975–3800 cal BC, respectively.  
  
The specimens dated from Sakhtysh IIa are two solitary organic-tempered pieces with 
straight, slightly outwards-thickening rims. The sample taken from the inner surface of a 
sherd found in 1988, decorated with loose vertical zig-zag lines of toothed stamp, was dated 
to 3712–3639 cal BC (UBA-36693). Crust on the inner side of a small shard, discovered in 
1990 and decorated with dense horizontal lines of overlapping oval (bone?) impressions, 
gave the age 3943–3705 cal BC (UBA-36694). 
 
All organic residues dated in this study have moderate or depleted 13C values, apart from 
the inner crust UBA-36692 with very depleted 13C value and undisputed freshwater origin; 
in a previous study, the range of terrestrial ingredients in the Sakhtysh area was placed 
between -24‰ and -28‰ 13C according to data from the surrounding areas (see Piezonka 
et al. 2016). All crusts have enriched 15N values mirroring a probable aquatic component, 
with the exception of the inner crust UBA-36690 with a more moderate figure. In general, 
aquatic species are seen to present values >7.0‰, while terrestrial animals (herbivores) and 
plants are characteristically below this (Craig et al. 2007). Four samples have low or 
moderate C:N ratio and likely derive from high-protein ingredients (Philippsen, 2012), and 
only the outer-surface crust UBA-36691 with a high C:N ratio indicates a possible plant 




4.1 The reliability of the dates 
Carriers of the Volosovo culture were hunter-gatherers, whose subsistence was largely 
based on freshwater fishing, as evidenced by the material culture and osteological 
assemblages (Kraynov, 1987; Nikitin, 1991). An analysis of stable bulk isotope values of two 
individuals buried in Sakhtysh IIa proved the presence of aquatic component in Volosovo 
diet (Piezonka et al. 2013; see also Shishlina et al. 2016), and the consequent reservoir 
offset in the datings (Fischer and Heinemeyer, 2003; Philippsen, 2012). No proper local 
baseline exists so far, but three modern fish samples from the Sakhtysh area indicated only 
a moderate offset of ca. 270 years (Dolbunova et al. 2017). In the neighbouring regions, 
offsets of ca. 500 years have been observed (Wood et al. 2013; also Piezonka et al. 2013; 
Meadows et al. 2015).  
 
The grass-eating marmot from Sakhtysh IIa (UBA-34098) should be free of FRE. This is the 
case also with the fully herbivorous elks from Sakhtysh II (UBA-40191) and Sakhtysh IIa 
(AAR-21042). However, the latter specimen produced an old age; the deceased exhumed 
from the same grave and with isotopic values indicating aquatic diet (AAR-15053), has been 
dated ca. 220 radiocarbon years younger. It is possible that the elk tooth pendant would 
have been curated for centuries before its deposition, although another explanation is that 
the pendant ended up in the grave from an earlier layer at the site. 
 
The brown bear teeth from the two sites date largely coeval (UBA-34099, 34989, 34990, 
34992, 40192), and their isotope values allow to suggest that the dates do not present large 
offsets. The remaining AMS-dated animal bones from Sakhtysh II are less-clear. The date of 
the vertebra of a badger (UBA-34096) may have some offset, as the diet of these 
omnivorous animals can include components from aquatic environment, like amphibians. 
Finally, the considerable age obtained for the bone beads (UBA-34097, 40193) can be 
tentatively accounted for FRE, as the isotopic values cannot exclude freshwater fish. 
 
Previous research on carbonised residues adhered on Upper-Volga pottery from Sakhtysh IIa 
(Hartz et al. 2012; Piezonka et al. 2016; Dolbunova et al. 2017) identified aquatic 
components in the crusts. Nevertheless, FRE was not similarly visible in all residues and 
neither the isotope values correlated directly with the offset. The varying isotopic values 
and trophic levels of the different carbon and nitrogen sources, as well as the differing uses 
of the pots and the mixing of ingredients during several cooking episodes can be given as 
possible explanations (Wood et al. 2013; Heron and Craig, 2015; Meadows et al. 2015). 
Isotope fractionation during food preparation or post-depositional diagenesis may also 
affect the results (Philippsen, 2012; Heron and Craig, 2015; Royer et al. 2017).  
  
The dates obtained from the outer and inner surfaces of the same sherd from Sakhtysh II 
have ca. 450 radiocarbon year difference. In previous studies, the outer crusts have been 
noted to consist of soot or mixtures of foods and soot, and thus potentially be subject to 
smaller offsets than the food-derived inner crusts on the same pots (Fischer and 
Heinemeyer, 2003; Philippsen, 2012; Teetaert et al. 2017; Mökkönen and Nordqvist, 2019). 
The depleted 13C and enriched 15N values of the inner crust UBA-36692 point towards 
aquatic origins. The high C:N ratio of the outer surface residue UBA-36691 could indicate 
low-protein ingredients, most likely plants, but combined with the enriched 15N and 
depleted 13C, the presence of FRE cannot be excluded, as elevated C:N ratios can result 
from aquatic fats or oils as well (Heron et al. 2015). 
  
In the case of other analysed crusts from Sakhtysh, the presence of aquatic component 
seems plausible (UBA-36693, 36694) or cannot be completely ruled out (UBA-36690). Even a 
previous study from Sakhtysh indicated only a moderate offset of some centuries 
(Dolbunova et al. 2017), here a possible offset of ca. 500 years is indicated by the two 
datings from the same pot. Until more detailed isotopic data on the prehistoric (or modern) 
flora and fauna in the area is acquired, an offset of 250–500 years can be assumed for 
samples of aquatic origin – this does not, however, exclude the presence of potentially 
much larger offsets in individual cases. 
  
4.2 The chronology of the Sakhtysh II and IIa sites 
The histories of the Sakhtysh II and IIa sites have been divided into two main use phases 
based on stratigraphic observations, typology, and conventional radiocarbon dates. At 
Sakhtysh II, the settlement site is seen to predate the ritual use, whereas at Sakhtysh IIa, the 
situation is the opposite (Kostyleva and Utkin, 2010). The results presented here contradict 
this earlier view on periodization and chronology. 
 
At Sakhtysh II, the oldest ages come from a problematic series of conventional charcoal 
dates from the “sanctuary” (Le-1550, 1552, 1554, 1589, 5984, GIN-9134): covering a wide 
time period, many have been considered unreliable on archaeological grounds (see Table 1; 
Fig. 8). Also the possibly FRE-influenced dating from hoard 11, directly linked with the 
“sanctuary”, dates much younger. Neither the other datings support the idea of a singular 
settlement phase followed by distinct ritual use. The next oldest ages come from the FRE-
influenced AMS datings of foodcrusts (from cultural layer) and beads from burial 12 – 
applying the low-resolution correction of 500 years makes them still older than or 
overlapping with the charcoal dates for the settlement structures (Le-1892, 1893, 1900; also 
Le-3084, 3091). These settlement dates are also younger than the AMS dates for hoard 9 
and burial 18, which clearly predate the conventional dates obtained for burial 18 and the 
adjoining “ritual area 1” (Le-2613, 2615, 2617; GIN-5239), too. 
 
Similarly, the AMS datings from Sakhtysh IIa alter the previous internal chronology of the 
burial ground (see Table 2; Fig. 9). The Volosovo burials excavated at the site have been 
divided into early (burial rows , , ) and late (rows , , , ) groups according to 
typology and the series of conventional 14C datings (Kostyleva and Utkin, 2010). All AMS 
datings derive from burials connected with the latter group (see Fig. 3), but are older than 
or contemporaneous with the dated burials belonging to the early group (GIN-6234, 6237, 
7187, 7190, 7276, 7490). In other words, the AMS data indicates potential discrepancies in 
the typological division, as well as in the previous rejection of dates on archaeological 
grounds (also Piezonka et al. 2013). Charcoal dates from the “sanctuary” or “ritual pit” (GIN-
6555, 6556, 6787) overlap with most of these datings, as does the only charcoal sample 
from cultural layer (GIN-5892).  
 
The quality-related issues are actual especially in Sakhtysh IIa, where more than half of the 
conventional dates have a measurement error larger than 100 and even as much as 350 
years. Many uncertainties are connected also with the contexts of the conventionally dated 
samples (also Chernykh et al. 2011) and reduce their usability in the construction of site 
chronology: for example, samples from overlaying burials 32a and 32  gave the second-
youngest (GIN-7271) and the oldest (GIN-7274) age of the original Sakhtysh IIa series, also 
contradicting their mutual stratigraphic position. At Sakhtysh II, the quality-issues may be 
indicated by the wide total calibrated age ranges for the datings connected with particular 
ritual and settlement activities (ca. a millennium each). 
 
In general, the AMS datings tend to date older than the conventional ones – the deviations 
are commonly 500–1000 years (also Piezonka et al. 2013). This cannot be the result of FRE 
only (cf. Kostyleva and Utkin, 2014). Many AMS datings have been obtained from terrestrial 
species or from humans belonging to the same population (and, assumedly, with the same 
diet) of which the conventional bone datings were obtained. Therefore the difference must 
be explained mostly by the development of dating techniques and better preparation and 
cleaning of samples of contaminating (younger) components, as well as better control of the 
dated samples and their contexts (also Piezonka et al. 2013; 2016). A clear example of this is 
burial 18 at Sakhtysh II where the conventional date of human bone is ca. 650 and 790 
radiocarbon years younger than the AMS dates of elk and bear teeth.  
 
The AMS dates do not support the previously proposed phasing of the Sakhtysh burials to 
early (4750–4375 BP / 3600–3000 cal BC), late (or developed; 4375–4000 BP / 3000–2500 
cal BC), and final (4000–3750 BP / 2500–2200 cal BC): the early and late burials at Sakhtysh 
IIa do not stand out as two separate groups, and also the burials and hoards from Sakhtysh 
II, connected to the final phase, are temporally overlapping with these. Neither the use 
sequence, where the settlement and burial phases are non-overlapping and also 
complementary between the sites (Kostyleva and Utkin, 2010, 2014), finds support in the 
present material.  
  
The datings obtained for pottery correspond with the typological sequence given to them in 
general, as pottery from Sakhtysh II (Early Volosovo) dates older than pottery from Sakhtysh 
IIa (Late Volosovo). Still, the temporal difference between the early and late phase does not 
seem to be as large or exclusive as proposed earlier.  
  
The AMS datings indicate that the Volosovo people started to bury their dead at Sakhtysh IIa 
after 3700 cal BC; dates earlier than this may be affected by FRE or suffer from mixed 
contexts and poor quality of dates. The present data questions the interpretation that the 
Sakhtysh IIa cemetery was used without interruptions between 4800 and 4080 BP 
(Kostyleva and Utkin, 2010), i.e. for a millennium between 3550 and 2600 cal BC. The AMS 
dates rather suggest a use period of some centuries only around the mid-4th millennium cal 
BC, tentatively 3650–3400 cal BC. This would also be more realistic considering the number 
of burials at the site. 
 
At Sakhtysh II, burial activities or making the hoards starts maybe a bit after 3600 cal BC, 
and similarly, there is no support for the clear hiatus proposed between the settlement and 
ritual use of the site (cf. Kraynov et al. 1991; also Kostyleva and Utkin, 2014). Purely in the 
light of the AMS datings, the use periods of the both sites shorten markedly. Even 
acknowledging the potential FRE up to 500 years in some samples, there is little evidence of 
Volosovo presence at Sakhtysh II and IIa during the 3rd millennium cal BC. If this is the result 
of small number of AMS datings and limited sampling focusing mainly on burial contexts 
remains to be seen.  
 
4.3 Sakhtysh and the general Volosovo chronology  
The absolute dating of Volosovo culture was for a long time hampered by the small number 
of radiocarbon dates (see Kraynov, 1987). Today, more than 100 datings connected with it 
can be found in literature (Korolev and Shalapinin, 2010; Chernykh et al. 2011; Nikitin, 2012; 
Mosin et al. 2014). Unfortunately, the available dates do not form solid grounds for dating 
the cultural phenomenon, as many of them have quality-related issues, large measurement 
errors, and ambiguous cultural or physical contexts. Consequently, particular datings may be 
connected to different cultural phases by different scholars. Finally, a large part of the 
newly-published datings are obtained through direct dating of potsherds (Kovaliukh and 
Skripkin, 2007; Zaitseva et al. 2009), and therefore, their cogency must be faced with 
reservation (see van der Plicht et al. 2016; Dolbunova et al. 2017). 
 
The datings connected with Volosovo cover a wide time range between ca. 5500 BP (4400 
cal BC) and ca. 3700 BP (2100 cal BC). However, datings from secure contexts, with good 
quality (error ca. 50 years or below) and no probable FRE, place the beginning of Volosovo 
culture to the first half of the 4th millennium cal BC, around 3700–3600 cal BC. This is also 
supported by the roughly coeval terminal dates given for the preceding Lyalovo (Zaretskaya 
and Kostyleva, 2011) and Volga-Kama cultures (Lychagina, 2018), as well as the appearance 
of related neighbouring cultures, for example, in the Kama region (Nikitin, 2012; Lychagina, 
2018), the southern forest steppe area (Korolev and Shalapinin, 2014), and north-western 
Russia and Finland (Nordqvist, 2018). Still, the dating of many of these cultural phases 
suffers from the same problems as of Volosovo. 
 
A handful of contested datings place the end of Volosovo culture to the final centuries of 
the 3rd millennium cal BC, or even later (Kostyleva and Utkin, 2010; Chernykh et al. 2011; 
Nikitin, 2012). On the other hand, the new AMS dates indicate that Volosovo activities at 
Sakhtysh II and IIa ceased before or towards the early 3rd millennium cal BC; if this reflects 
the general decline of Volosovo culture must be still confirmed by more dates from Sakhtysh 
and elsewhere. In this context, the general cultural development must be accounted for. To 
what extent – if at all – the Volosovo people were present after the arrival of the Corded 
Ware culture -related Fatyanovo-Balanovo populations? Based on the current, albeit scant 




The 15 new AMS and stable isotope measurements from Volosovo contexts at the sites 
Sakhtysh II and IIa presented in this study include measurements from animal bones and 
teeth, as well as the first published AMS-dated charred organic residues from Volosovo 
pottery. The new data is not entirely compatible with the earlier periodization of the sites – 
this may be partially related to FRE, but even more to the problems in previous datings and 
typological sequences. 
  
Differences between the AMS and conventional datings from the Sakhtysh sites are often 
between 500 and 1000 years. The new data does not support the internal cultural division 
or the long use-periods proposed earlier for the sites. Based on the current AMS datings, the 
working of the Sakhtysh IIa cemetery can be placed tentatively to 3650–3400 cal BC, and the 
use of Sakhtysh II site between ca. 3600 and the beginning of 3rd millennium cal BC. 
  
The existing AMS data largely derives from burials and hoards only, which may distort the 
view on the chronology of the sites. Some bone and crust dates presented here are most 
likely affected by FRE, but at the moment, only a rough estimation of 250–500 years offset 
can be applied. 
  
More good-quality datings from controlled contexts are needed in order to build a valid 
internal chronology for the Volosovo culture at the Sakhtysh sites. Local chronologies must 
be developed also elsewhere and the correspondence between typology and absolute time 
resolved. Solid chronological framework will facilitate further understanding of this eminent 
cultural phenomenon, as well as its interaction with the preceding and subsequent cultural 
phases, in the different parts of its wide territory. 
 
Acknowledgements 
The new analyses were financed by Gunvor och Josef Anérs stiftelse (Sweden). The writing 
was funded by the Helge Ax:son Johnsons stiftelse (Sweden; AM) and the Helsinki University 
Humanities Program (Finland; KN). The authors wish to thank Ola Magnell, as well as the 
two anonymous referees for their comments on the manuscript. 
  
References 
Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 51 (1), pp. 
337–360. https://doi.org/10.1017/S0033822200033865 
Brown, T.A., Nelson, D.E., Vogel, J.S., Southon, J.R. 1988. Improved collagen extraction by 
modified Longin method. Radiocarbon 30 (2), pp. 171–177. 
https://doi.org/10.1017/S0033822200044118 
Chernykh, E.N., Kuzminykh, S.V., Orlovskaya, L.V. 2011. Metallonosnye kultury lesnoy zony 
vne sistemy Tsirkumpontiyskoy provintsii: problemy radiouglerodnoy khronologii IV–III tys. 
do n.e. In E.N. Chernykh, V.I. Zavyalov (eds.) Analiticheskie issledovaniya Laboratorii 
estestvennonauchnykh metodov 2. Moskva, IA. pp. 24–62. 
Craig, O.E., Forster, M., Andersen, S.H., Koch, E., Crombé, P., Milner, N.J., Stern, B., Bailey, 
G.N., Heron, C.P. 2007. Molecular and isotopic demonstration of the processing of aquatic 
products in northern European prehistoric pottery. Archaeometry 49 (1), pp. 135–152. 
https://doi.org/10.1111/j.1475-4754.2007.00292.x 
DeNiro, M.J. 1985. Postmortem preservation and alteration of in vivo bone collagen isotope 
ratios in relation to palaeodietary reconstruction. Nature 317, pp. 806–809. 
https://doi.org/10.1038/317806a0 
Dolbunova, E.V., Kostyleva, E.L., Kulkova, M.A., Meadows, J., Mazurkevich, A.N., 
Lozovskaya, O. 2017. Chronology of Early Neolithic materials from Sakhtysh IIa (Central 
Russia). Doc. Praehist. XLIV, 176–191. https://doi.org/10.4312/dp.44.11 
Eriksson, G. 2006. Stable isotope analysis of human and faunal remains from Zvejnieki. In L. 
Larsson, I. Zagorska (eds.) Back to the Origin. New Research in the Mesolithic-Neolithic 
Zvejnieki Cemetery and Environment, Northern Latvia. Stockholm, Almqvist & Wiksell 
International. Pp. 183–215. 
Eriksson, G., Frei, K.M., Howcroft, R., Gummesson, S., Molin, F., Lidén, K., Frei, R., 
Hallgren, F. 2018. Diet and mobility among Mesolithic hunter-gatherers in Motala (Sweden) 
– the isotope perspective. J. Arch. Sci: Reports 17, pp. 904–918. 
https://doi.org/10.1016/j.jasrep.2016.05.052 
Fischer, A., Heinemeier, J. 2003. Freshwater reservoir effect in 14C dates of food residue on 
pottery. Radiocarbon 45(3), pp. 449–466. https://doi.org/10.1017/S003382220003280X 
Hartz, S., Kostyleva, E.L., Piezonka, H., Terberger, T., Tsydenova, N., Zhilin, M.G. 2012. 
Hunter-gatherer pottery and charred residue dating: new results on early ceramics in the 
North Eurasian Forest Zone. Radiocarbon 54(3–4), pp. 1033–1048. 
https://doi.org/10.1017/S0033822200047652 
Heron, C.P., Craig, O.E. 2015. Aquatic resources in foodcrusts: identification and implication. 
Radiocarbon 57 (4), pp. 707–719. https://doi.org/10.2458/azu_rc.57.18454 
Heron C.P., Craig O.E., Luquin, A., Steele, V.J., Thompson, A., Pili lauskas, G. 2015. Cooking 
fish and drinking milk? Pottery evidence for aquatic resources and dairy products in the 
southeastern Baltic from 3300–2400 cal BC. J. Arch. Sci. 63, pp. 33–43. 
https://doi.org/10.1016/j.jas.2015.08.002 
van Klinken, G.J. 1999. Bone collagen quality indicators for palaeodietary and radiocarbon 
measurements. J. Arch. Sci. 26, pp. 687–695. https://doi.org/10.1006/jasc.1998.0385 
Korolev, A.I., Shalapinin, A.A. 2010. Radiouglerodnoye datorovanye rannykh materialov 
volosovskoy kultury Srednego Povolzhya. Izvestiya Samarskogo nauchnogo tsentra 
Rossiyskoy akademii nauk 12 (2), pp. 256–259. 
Korolev, A.I., Shalapinin, A.A. 2014. K voprosu o khronologii i periodizatsii eneolita 
stepnogo i lesostepnogo Povolzhya. Izvestiya Samarskogo nauchnogo tsentra Rossiyskoy 
akademii nauk 16 (3), pp. 266–275.  
Kostyleva, E.L., Mac ne, A. 2018a. Orudiya rybnoi lovli iz ritualnykh “kladov” Volosovskoy 
kultury so stoyanki Sakhtysh II Tsentralnoi Rossii. In O.V. Lozovskaya, A.A. Vybornov, E.V. 
Dolbunova (eds.) Strategii zhizneobespecheniya v kamennom veke, pryamye i kosvennye 
svidetelstva rybolovstva i sobiratelstva. Sankt Peterburg, IIMK RAN. pp. 144–148. 
Kostyleva, E.L., Mac ne, A. 2018b. Klyuvovidnye predmety i orudiya rybnoy lovli iz 
ritualnykh “kladov” volosovskoy kultury so stoyanki Sakhtysh II (Tsentralnaya Rossiya). 
Samarskiy Nauchniy Vestnik 7 (4), pp. 197–204. DOI: 10.24411/2309-4370-2018-14207 
Kostyleva, E.L., Utkin, A.V. 2010. Neo-eneoliticheskie mogilniki Verkhnego Povolzhya i 
Volgo-Okskogo mezhdurechya: planigraficheskie i khronologicheskie struktury. Moskva, 
TAUS.  
Kostyleva, E.L., Utkin, A.V., 2014. The problem of spatial-chronological correlation of sites 
and cemeteries of Volosovo culture (basing on the materials of the sites Sakhtysh II, IIa and 
VIII). In A.N. Mazurkevich, M.E. Polkovnikova, E.V. Dolbunova (eds.) Arkheologiya ozernykh 
poseleniy IV—II tys. do n.e.: khronologiya kultur i prirodno-klimaticheskiye ritmy. 
Gosudarstvenniy Ermitazh, Sankt Peterburg. pp. 181–183. 
Kostyleva, E.L., Utkin, A.V., Mac ne, A. 2018. “Vostochnyi sled” v eneoliticheskikh 
zakhoroneniyakh Sakhtyshskikh mogilnikov. Tverskoy Arkheologicheskiy Sbornik 11, pp. 
565–577.  
Kovaliukh, N.N., Skripkin, V.V. 2007. Radiouglerodnoye datirovaniye arkheologicheskoy 
keramiki zhidkostnym stsintillyatsionnym metodom. In G.I., Zaytseva, M.A. Kulkova (eds.) 
Radiouglerod v arkheologicheskikh i paleoekologicheskikh issledovaniyakh. Sankt 
Petersburg, IIMK RAN. pp. 120–126. 
Kraynov, D.A. 1982. Novye issledovaniya stoyanki Sakhtysh II. Kratkie soobshcheniya 
Instituta Arkheologii 169, pp. 79–86. 
Kraynov, D.A. 1987. Volosovskaya kultura. In O.N., Bader, D.A., Kraynov, M.F. Kosarev, (eds.) 
Epokha bronzy lesnoy polosy SSSR. Moskva, Nauka. pp. 10–28. 
Kraynov, D.A. Zaytseva, G.I., Kostyleva, E.L., Utkin, A.V. 1991. Absolyutnaya khronologiya 
Sakhtyshskikh stoyanok. Arkheologicheskiye pamyatniki Volgo-Klyazminskogo 
mezhdurechya 5, pp. 33–42. 
Kraynov, D.A., Kostyleva, E.L., Utkin, A.V. 1994. Mogilnik i “svyatilichshe” na stoyanke 
Sakhtysh IIa. Rossiyskaya Arkheologiya 1994 (2), pp. 118–130. 
Krenke, N., Erschov, I., Erschova, E., Lazukin, A. 2013. Corded Ware, Fatyanovo and 
Abashevo culture sites on the flood-plain of the Moskva River. Sprawozdania archeologiczne 
65, pp. 415–426. 
Longin, R. 1971. New method of collagen extraction for radiocarbon dating. Nature 230, pp. 
241–242. https://doi.org/10.1038/230241a0 
Lychagina, E.L. 2018. Khronologicheskie ramki neoliticheskikh i postneoliticheskikh kultur 
Srednego Preduralya. Uralskiy istoricheskiy vestnik 3 (60), pp. 87–96. DOI: 10.30759/1728-
9718-2018-3(60)-87-96 
Mac ne, . 2018. Problema vzaimootnosheniy cheloveka i zhivotnykh v srednem golotsene 
Tsirkumbaltii (po materialam mogilnikov Zveynieki i Skatekholm). Tverskoy 
Arkheologicheskiy Sbornik 11, pp. 559–564. 
Meadows, J., Lozovskiy, V.M., Lozovskaya, O.V., Chirkova, S., Likin, A., Spataro, M. 2015. K 
voprosu ob absolyutnoy khronologii keramiki verkhnevolzhskoy kultury: novye dannye po 
materialam stoyanki Zamostye 2. Samarskiy nauchniy vestnik 3 (12), pp. 114–121. 
Mökkönen, T., Nordqvist, K. 2019. Bulk stable isotope analyses of 14C dated carbonized 
crusts on the earliest potteries of north-eastern Europe. Radiocarbon 61 (3): pp. 817–830. 
https://doi.org/10.1017/RDC.2019.18 
Mosin, V.S., Epimakhov A.V., Vybornov, A.A., Korolev, A.I. 2014. Khronologiya eneolita i 
epokhi ranneiy bronzy v Uralskom regione. Arkheologiya, etnografiya i antropologiya Evrazii 
4 (60), pp. 30–42. 
Nikitin, V.V. 1991. Medno-kamenniy vek Mariyskogo kraya (seredina III nachalo II 
tysyacheletiya do n.e. Yoshkar-Ola, Mariyskoe knizhnoe izdatelstvo.  
Nikitin, V.V. 2012. Lesnaya polosa Volgo-Kamya na rubezhe neolita-eneolita. Trudy KAEE 8, 
pp. 67–76. 
Nordqvist, K. 2018. The Stone Age of North-Eastern Europe 5500–1800 cal BC. Bridging the 
Gap between the East and the West. Oulu, University of Oulu. 
http://urn.fi/urn:isbn:9789526218731 
Olsen, J., Heinemeier, J., Lübke, H., Lüth, F., Terberger, T. 2010. Dietary habits and 
freshwater reservoir effects in bones from a Neolithic NE German cemetery. Radiocarbon 52 
(2–3), pp. 635–644. https://doi.org/10.1017/S0033822200045665 
Philippsen, B. 2012. Variability of Freshwater Reservoir Effects. Implications for Radiocarbon 
Dating of Prehistoric Pottery and Organisms from Estuarine Environments. Aarhus, Aarhus 
University. 
Piezonka, H., Kostyleva, E., Zhilin, M.G., Dobrovolskaya, M., Terberger, T. 2013. Flesh or 
fish: first results of archaeometric research of prehistoric burials from Sakhtysh IIa, Upper 
Volga region, Russia. Doc. Praehist. XL, pp. 57–73. https://doi.org/10.4312/dp.40.6 
Piezonka, H., Meadows, J., Hartz, S., Kostyleva, E., Nedomolkina, N., Ivanishcheva, M., 
Kosorukova, N., Terberger, T. 2016. Stone Age pottery chronology in the northeast 
European forest zone: new AMS and EA-IRMS results on foodcrusts. Radiocarbon 58 (2), pp. 
267–289. https://doi.org/10.1017/RDC.2016.13 
Van der Plicht, J., Shishlina, N.I., Zazovskaya, E.P. 2016. Radiouglerodnoe datirovanie: 
khronologiya arkheologicheskikh kultur i rezervuarniy effect. Moskva, Paleograf. 
Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk Ramsey, C., Grootes, 
P.M., Guilderson, T.P., Haflidason, H., Hajdas, I., Hatté, C., Heaton, T.J., Hoffmann, D.L., 
Hogg, A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., Manning, S.W., Niu, M., Reimer, R.W., 
Richards, D.A., Scott, E.M., Southon, J.R., Staff, R.A., Turney, C.S.M., van der Plicht, J. 2013. 
IntCal13 and marine13 radiocarbon age calibration curves 0–50,000 years cal BP. 
Radiocarbon 55 (4), pp. 1869–1887. https://doi.org/10.2458/azu_js_rc.55.16947 
Reimer, P., Hoper, S., MacDonald, J., Reimer, R., Thompson, M. 2015. Laboratory protocols 
used for AMS radiocarbon dating at the 14CHRONO Centre, The Queen’s University Belfast. 
Swindon, English Heritage. 
Robson, H.K., Skipityt , R., Pili iauskien , G., Lucquin, A., Heron, C., Craig, O.E., 
Pili iauskas, G. 2019. Diet, cuisine and consumption practices of the first farmers in the 
southeastern Baltic. Arch. and Anth. Sci. 2019. https://doi.org/10.1007/s12520-019-00804-9 
Royer, A. Daux, V., Fourel, F., Lécuyer, C. 2017. Carbon, nitrogen and oxygen isotope 
fractionation during food cooking: implications for the interpretation of the fossil human 
record. Am. J. Phys. Anth. 163, pp. 759–771. https://doi.org/10.1002/ajpa.23246 
Shishlina, N., Kaverzneva, E., Fernandes, R., Sevastyanov, V., Roslyakova, N., Gimranov, D., 
Kuznetsova, O. 2016. Subsistence strategies of Meshchera lowlands populations during the 
Eneolithic period – the Bronze Age: results from a multidisciplinary approach. J. Arch. Sci: 
Reports 10: pp. 74–81. https://doi.org/10.1016/j.jasrep.2016.08.043 
Teetaert, D., Boudin, M., Saverwyns, S., Crombé, P. 2017. Food and soot: organic residues 
on outer pottery surfaces. Radiocarbon 59 (5), pp. 1609–1621. 
https://doi.org/10.1017/RDC.2017.25 
Timofeev V.I., Zaytseva, G.I., Dolukhanov, P.M., Shukurov, A.M. 2004. Radiouglerodnaya 
khronologiya neolita Severnoi Evrazii. Sankt Peterburg, Teza. 
Tsetlin, Yu.B. 2008. Neolit Tsentra Russkoy ravnini. Ornamentatsiya keramiki i metodika 
periodizatsii kultur. Tula, Grif i K. 
Vybornov, A.A. 2012. O radiouglerodnykh datakh po keramike i drugim materialam. In O.D. 
Mochalov (ed.) Problemy istorii, arheologii, obrazovaniya. Samara, PGSGA. pp. 15–31. 
Vybornov, A.A., Kostyleva, E.L. 2009. Pervye radiouglerodnye daty po neoliticheskoy 
keramike Volgo-Okskogo mezhdurechya. In A.I. Repinetskiy (ed.) Chelovek, ucheniy, 
grazhdanin II. Samara, SGPU. pp. 29–32. 
Wood, R.E., Higham, T.F.G., Buzilhova, A., Suvorov, A., Heinemeier, J., Olsen, J. 2013. 
Freshwater radiocarbon reservoir effects at the burial ground of Minino, northwest Russia. 
Radiocarbon 55 (1), pp. 163–177. https://doi.org/10.2458/azu_js_rc.v55i1.16448 
Zaitseva, G., Skripkin, V.V., Kovalyukh, N.N., Possnert, G., Dolukhanov, P.M., Vybornov, 
A.A. 2009. Radiocarbon dating of Neolithic pottery. Radiocarbon 51 (2), pp. 795– 801. 
https://doi.org/10.1017/S0033822200056101 
Zaretskaya, N.E., Kostyleva, E.L. 2008. Radiouglerodnaya khronologiya nachalnogo etapa 
verkhnevolzhskoy ranneneoliticheskoy kultury (po materialam stoyanki Sakhtysh IIa). 
Rossiyskaya Arkheologiya 2008 (1), pp. 5–14. 
Zaretskaya, N.E., Kostyleva, E.L. 2011. Novye dannye po absolyutnoy khronologii lyalovskoy 
kultury. Tverskoy Arkheologicheskiy Sbornik 8 (1), pp. 175–183. 
 
Authors 
Aija Mac ne; University of Gothenburg, Department of Historical Studies, Box 200, 40530 
Gothenburg, Sweden; aija.macane@gu.se (corresponding author) 
 
Kerkko Nordqvist; University of Helsinki, Faculty of Arts, P.O. Box 4, Fabianinkatu 24, 00014 
Helsinki, Finland; kerkko.nordqvist@helsinki.fi 
 





Fig. 1. The core area of Volosovo culture (after Kraynov, 1987) and the sites of the Sakhtysh 
complex (after Kostyleva and Utkin, 2010). Eurasian map base made with Natural Earth. 
Illustration: K. Nordqvist. 
 
 
Fig. 2. Structures and dated contexts from Sakhtysh II (after Kostyleva and Utkin, 2010). 
Illustration: K. Nordqvist. 
 
Fig. 3. Structures and dated contexts from Sakhtysh IIa (after Kostyleva and Utkin, 2010). 
Illustration: K. Nordqvist. 
 
Fig. 4. AMS datings from the sites Sakhtysh II and IIa. Sampled contexts are given in 
parentheses (burial / hoard), “crust” indicates samples of charred organic residues on 
pottery from cultural layer. For data, see Tables 1–2. 
 
Fig. 5. Marmot (Marmota bobak) incisors from burial 24 at Sakhtysh IIa. Marmots are not 
local to the Sakhtysh region, and represent import from the forest steppe or steppe areas to 




Fig. 6. The stable isotope values ( 13C, 15N) of the AMS-dated organic residues (up) and 
bone samples (below) from the Sakhtysh II and Sakhtysh IIa sites. The humans and one elk 
after Piezonka et al. (2013, 2016). Reference data for terrestrial herbivores and carnivores 
and freshwater fauna after Wood et al. (2013); Piezonka et al. (2016); and for bears after 
Eriksson (2006); Eriksson et al. (2018). 
 
Fig. 7. The dated pottery shards from the sites Sakhtysh II and IIa. Scale 5 cm. Illustration: K. 
Nordqvist. 
 
Fig. 8. Calibration figure of datings from Volosovo contexts at the Sakhtysh II site illustrates 
the contradiction between the AMS dates and the previously proposed use sequence for the 
site (first settlement, then ritual area). Samples connected with settlement contexts marked 
*, ritual contexts **. Charcoal samples indicated with ©, other samples are of bone and 
tooth, crust dates excluded. AMS datings given in black, conventional ones in grey. Dates 
from the same contexts are connected with a bracket. For data, see Table 1.  
 
 
Fig. 9. Datings of Volosovo burials at Sakhtysh IIa present also the incompatibility of AMS-
based chronology and the previous typo-chronological division. Typological classification 
after Kostyleva and Utkin (2010): * early burial, ** late burial. AMS datings given in black, 
conventional ones in grey. Dates from the same contexts are connected with a bracket. 
Charcoal datings (©) from the “sanctuary” are given for comparison, all other samples are of 
bone and tooth, crust dates excluded. For data, see Table 2. 
